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Two myxobacterial strains (designated B00001
T and B00002 T ) were isolated from forest soil samples collected from Yakushima Island, Kagoshima, Japan. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strains B00001 T and B00002 T respectively formed independent branches within the suborders Cystobacterineae and Sorangiineae and were most closely related to Cystobacter armeniaca DSM 14710 T (90.4 % similarity) and Byssovorax cruenta DSM 14553 T (91.3 %). Neither strain showed typical features of myxobacteria such as bacteriolytic action or fruiting body formation, but both had high DNA G+C contents (66.3-68.3 mol%). Swarming motility was observed in strain B00002 T only. Cells of both strains were vegetative, chemoheterotrophic, mesophilic, strictly aerobic, Gram-negative, motile rods, and both strains exhibited esterase lipase (C8), leucine arylamidase, naphthol-AS-BIphosphohydrolase and b-galactosidase activities. Strain B00001 T contained MK-7 as the predominant respiratory quinone and the major fatty acid was iso-C 15 : 0 . In contrast, strain B00002 T contained MK-8 as the major cellular quinone and the major fatty acids were C 16 : 1 v5c
and iso-C 17 : 0 . Based on the phenotypic and genotypic data presented, strains B00001 T and B00002 T represent novel genera and species, for which we propose the names Vulgatibacter incomptus gen. nov., sp. nov. and Labilithrix luteola gen. nov., sp. nov., respectively. The type strains of Vulgatibacter incomptus and Labilithrix luteola are B00001 T (5NBRC 109945 , respectively. The new genera are assigned to the new families Vulgatibacteraceae fam. nov. and Labilitrichaceae fam. nov., respectively. In addition, Anaeromyxobacteraceae fam. nov., is proposed to accommodate the genus Anaeromyxobacter, which is related to the genus Vulgatibacter.
Myxobacteria are Gram-negative, rod-shaped deltaproteobacteria that are found predominantly in soils and have high genomic DNA G+C contents. Myxobacterial species exhibit fascinating cellular life cycles and complex social behaviour (Shimkets et al., 2006) . Cells move by gliding motility and form swarming colonies on solid surfaces. Under starvation conditions, many myxobacterial strains form multicellular fruiting bodies of varying complexity.
During fruiting body morphogenesis, vegetative cells differentiate into myxospores, which are resistant to adverse environmental conditions. Many species of myxobacteria are predators of bacteria and fungi, and utilize insoluble macromolecules such as cell-wall components, proteins, lipids and polysaccharides as sources of nutrients.
Myxobacteria have received considerable recent attention as producers of useful natural products in the form of secondary metabolites (Wenzel & Müller, 2009; Weissman & Müller, 2010) . To date, metabolites representing over 100 distinct core structural classes have been discovered among myxobacteria (Garcia et al., 2009a) . For example, the epothilones are a new class of microtubule-targeting drugs (Gerth et al., 1996) that include ixabepilone, a semisynthetic epothilone derivative used for the treatment of breast cancer (Reichenbach & Höfle, 2008) . Due to the extraordinary potential of myxobacteria as producers of promising secondary metabolites, we are actively isolating and screening myxobacterial strains as part of a drug discovery programme. In the present study, we describe the taxonomic characterization of two myxobacterial strains, B00001 T and B00002 T , which were selectively isolated from soil samples by utilizing the plate dilution method based on the work of Karwowski et al. (1996) . On the basis of phenotypic, chemotaxonomic and phylogenetic analyses, these isolates are proposed to represent two novel taxa.
For the isolation of Myxococcus species, the method of Karwowski et al. (1996) was used with minor modifications. Briefly, soil samples (5 g) were suspended in 5 ml sterilized water and serially diluted 10-fold in water. Aliquots (0.2 ml) of each dilution were then plated onto BBPC-VNC medium consisting of (l
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) 5 g peptone, 5 g Bacterio-N-SH (Maruha Nichiro Foods), 3.5 g meat extract, 1.5 g NaCl, 1 g sodium pyruvate, 30 mg nystatin, 40 mg cycloheximide, 3 mg vancomycin hydrochloride, 30 000 U catalase from bovine liver (Tokyo Chemical Industry) and 20 g agar. The plates were incubated at 50 u C for 24 h and then moved to a 25 u C incubator. Colonies that formed on the plates were transferred to BPA-3 (l
: 3 g peptone, 2.1 g meat extract, 0.9 g NaCl, 1 g sodium pyruvate and 15 g agar) and then purified by repeated restreaking on BPA-3. After approximately 1 week of incubation, colonies of strains of Myxococcus, Corallococcus, Pseudomonas and Paenibacillus were predominant. Among the isolates, two bacterial strains, designated B00001
T and B00002 ]. Strain B00002 T was routinely cultivated and maintained on BPA-3 or R2A agar (Daigo; Nihon Pharmaceutical). The strains were stored at 280 u C in 7 % (v/ v) aqueous DMSO as concentrated cell suspensions.
To obtain DNA for sequencing of the 16S rRNA gene, strains B00001
T and B00002 T were cultured on B1N and R2A agar, respectively. Cells were lysed by treatment with achromopeptidase (Wako) and, after centrifuging, the supernatants containing DNA were used directly. The 16S rRNA genes were amplified by PCR with PrimeSTAR HS DNA polymerase (Takara Bio) using primers 9F and 1510R (Nakagawa et al., 2002; Uchino et al., 1997) . Sequencing reactions were performed using a BigDye Terminator version 3.1 cycle sequencing kit (Applied Biosystems) with primers 9F, 785F, 802R and 1510R (Nakagawa et al., 2002) . Sequences of the 16S rRNA gene were determined using an ABI PRISM 3130 xl Genetic Analyzer (Applied Biosystems), and sequence alignments were performed by using ChromasPro 1.7 (Technelysium). The almost-complete 16S rRNA gene sequences of strains B00001 T (1479 nt) and B00002 T (1483 nt) were used for phylogenetic analyses.
The 16S rRNA gene sequences of strains B00001 T and B00002
T were compared with those retrieved from the GenBank/EMBL/DDBJ databases by BLAST searches (Altschul et al., 1997) . Sequence alignments were performed using the program CLUSTAL W (Chenna et al., 2003) in MEGA 5 (Tamura et al., 2011) and checked manually. Evolutionary distances were generated according to Kimura's twoparameter model (Kimura, 1980) and clustering using the neighbour-joining (NJ) (Saitou & Nei, 1987) , maximumlikelihood (ML) (Kishino et al., 1990) and maximumparsimony (MP) (Fitch, 1971 ) methods were performed using MEGA 5. Bootstrap analyses (Felsenstein, 1985) were performed with 1000 resampled datasets to estimate the confidence of the tree topology. The strains used for reconstruction of the phylogenetic trees and their 16S rRNA gene accession numbers are shown in Fig. 1 .
For colony formation, aliquots of frozen stocks (10 ml) were gently dropped onto BPA-3 or other agar media and cultivated at 30 u C for 1 week. Morphological features and motility of vegetative cells were investigated by phasecontrast microscopy (Leitz Aristoplan), and colony morphology was observed under a stereoscopic microscope and by using an optical microscope (Keyence VHX-1000). Gram staining was performed using a Favour G Gram-stain kit (Nissui) according to the manufacturer's instructions. The reaction of colonies to Congo red was determined by the method of McCurdy (1969) . Gram and Congo red staining were tested on B1N or R2A agar. The ability of the strains to grow on VY/2, CY (Shimkets et al., 2006) and PM (DSMZ medium 1152) agars and on filter paper on BPA-3 was examined after incubation at 30 u C for 14 days. Growth under anaerobic conditions was determined after 14 days of incubation on BPA-3 in an Anaeropack (Mitsubishi Gas Chemical). Growth at 10, 15, 20, 25, 30, 37 and 42 u C and at pH 5-10 (at 1 pH unit intervals) was evaluated on B1N and R2A agar. To test for bacteriolytic activity, strains of Escherichia coli and Micrococcus luteus were streaked on BPA-3 close to the edge of 7-day-old colonies of strains B00001
T and B00002 T and incubated at 25 u C. Lytic action of autoclaved yeast cells was checked using VY/2 agar. Resistance to antibiotics was determined on BPA-3 containing 30 mg chloramphenicol, kanamycin sulfate, rifampicin or streptomycin sulfate l
. Catalase activity was tested by adding cells directly to 3 % (w/v) H 2 O 2 and observing gas generation. Oxidase activity was determined with oxidase test paper strips (Wako). Several physiological and biochemical characteristics were also tested using API 20NE and API ZYM strips (bioMérieux) according to the instructions of the manufacturer.
For determination of the cellular fatty acid composition, major quinone component and DNA G+C content, strains B00001
T and B00002 T were grown to the late exponential phase in B1N broth and R2A broth (Daigo; Nihon Pharmaceutical), respectively, for 5 days at 25 u C with shaking. Fatty acid methyl esters were prepared and analysed according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6). Fatty acid amounts were calculated by measuring the peak areas of all signals. Respiratory quinones were extracted from cells and analysed by HPLC, as described previously (Nishijima et al., 1997) . Determination of the G+C content of genomic DNA was performed by HPLC, as described previously (Katayama-Fujimura et al., 1984) .
Among the isolates from BBPC-VNC, strain B00001
T was identified as a slowly growing white colony that exhibited Paenibacillus-like morphology. 16S rRNA gene sequence 
Cystobacter velatus DSM 14718 T (DQ768115)

Cystobacter miniatus DSM 14712 T (DQ768111)
Cystobacter armeniaca DSM 14710 T (DQ768107)
Vulgatibacter incomptus B00001 T (AB847448)
Anaeromyxobacter dehalogenans 2CP-1 T (CP001359)
Sandaracinus amylolyticus NOSO4 T (HQ540311)
Labilithrix luteola B00002 T (AB847449)
Phaselicystis flava SBKo001 T (EU545827)
Byssovorax cruenta DSM 14553 T (AJ833647)
Sorangium cellulosum DSM 14627 T (EU240497)
Polyangium sorediatum Pl s12 T (GU207880)
Polyangium fumosum Pl fu5 T (GU207879)
Polyangium spumosum Pl sm5 T (GU207881)
Chondromyces lanuginosus Sy t2 T (AJ233939)
Chondromyces pediculatus Cm p51 T (GU207875)
Chondromyces apiculatus Cm a14 T (AJ233938)
Chondromyces robustus Cm a13 T (AJ233942)
Chondromyces crocatus Cm c5 T (GU207874)
Jahnella thaxteri Plt4 T (GU207876)
Pseudenhygromyxa salsuginis SYR-2 T (AB600195)
Plesiocystis pacifica SIR-1 T (AB083432)
Nannocystis pusilla DSM 14622 T (FR749907)
Kofleria flava Pl vt1 T (AJ233944)
Haliangium tepidum SMP-10 T (AB062751) analysis revealed that strain B00001 T belonged to the order Myxococcales (Reichenbach, 2005) . A BLAST sequence similarity search based on 16S rRNA gene sequences revealed that strain B00001
T was most closely related to Cystobacter armeniaca DSM 14710 T (90.4 % similarity) (Reichenbach, 2005) and Anaeromyxobacter dehalogenans 2CP-1 T (90.2 %) (Sanford et al., 2002) (Table S1 , available in the online Supplementary Material). In the NJ tree, strain B00001 T occupied a distinct position within the suborder Cystobacterineae with a bootstrap resampling value of 74 % ( Fig. 1 ) (Shimkets & Woese, 1992; Spröer et al., 1999; Garcia et al., 2010) . A similar topology was confirmed in the phylogenetic trees reconstructed using the ML (Fig. S1 ) and MP (not shown) algorithms. The results of the phylogenetic analyses indicated that strain B00001
T should be assigned to a novel species in a new genus of the suborder Cystobacterineae, and not within the genera Cystobacter or Anaeromyxobacter.
The results of phenotypic characterization tests are summarized in Table S2 . Vegetative cells of strain B00001 T were Gram-negative, motile rods, 0.7-0.8 mm wide and 4.0-6.0 mm long (Fig. S2a) . Tests for oxidase activity were positive, but catalase was not produced. Colonies were circular, smooth and cream-coloured on BPA-3 (Fig. S2b) . Congo red staining was negative, even though the phylogenetic position of strain B00001
T was determined to be within the suborder Cystobacterineae. The temperature range for growth was 20-37 u C. No growth occurred above 42 u C or below 15 u C. The pH range for growth was 6-9, with an optimum at pH 6-8. Because strain B00001
T was closely related to the genus Anaeromyxobacter, growth under anaerobic conditions was tested. However, no growth was observed after 14 days of incubation on BPA-3, and strain B00001 T was therefore classified as an obligate aerobe. Growth was relatively poor on BPA-3 and B1N agar, and was only minimal on VY/2, CY and PM agar and on filter paper on BPA-3. As myxobacteria are known as micropredators (Lueders et al., 2006) , living cells of E. coli and M. luteus and autoclaved yeast cells were used as prey microbes. However, these cells were not lysed by strain B00001 T , and vigorous growth was not observed. Swarming colonies were not observed on the surface of BPA-3, even after 10 days of incubation, and no fruiting body-like aggregates were detected under any of the culture conditions examined. Although the latter characteristic is reminiscent of A. dehalogenans, the species forms swarming colonies, in which cells aggregate together in raised mounds (Sanford et al., 2002) . As strain B00001
T did not exhibit swarming or form cell aggregates, its morphological features were not completely congruent with those of known myxobacteria.
In the API 20NE test, strain B00001
T was positive for bgalactosidase activity and negative for indole production, glucose fermentation and activities of nitrate reductase, arginine dihydrolase, urease, b-glucosidase and gelatinase. None of the examined carbon sources (D-glucose, Larabinose, D-mannose, D-mannitol, N-acetyl-D-glucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetate) could be utilized for growth. Positive API ZYM test results were obtained for esterase lipase (C8), leucine arylamidase, naphthol-AS-BI-phosphohydrolase and b-galactosidase, and negative results were obtained for alkaline phosphatase, esterase (C4), lipase (C14), valine arylamidase, cystine arylamidase, trypsin, chymotrypsin, acid phosphatase, a-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and afucosidase. Strain B00001
T was sensitive to chloramphenicol, kanamycin, rifampicin and streptomycin at 30 mg l
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The main cellular fatty acids produced by strain B00001 T were branched-chain fatty acids (.87 % of the total; Table  S3 ). The major branched-chain fatty acid was iso-C 15 : 0 (46.7 %), which is also dominant in other myxobacterial species, particularly members of the suborder Cystobacterineae. The other major fatty acids identified were iso-C 17 : 1 and/or anteiso-C 17 : 1 (21.0 %) and iso-C 17 : 0 (17.6 %). The amounts of iso-C 15 : 0 and iso-C 17 : 0 were similar to those found in C. armeniaca DSM 14710 T (41.2 and 14.8 %, respectively) ( Table 1) . Among the minor fatty acids in strain B00001 T , C 11 : 0 3-OH (1.06 %), iso-C 11 : 0 3-OH (0.23 %), C 12 : 0 3-OH (0.15 %) and C 10 : 0 3-OH (0.07 %) were also found. To our knowledge, this is the first report of these hydroxy fatty acids in myxobacteria. The major quinone component of strain B00001
T was MK-7. The genomic DNA G+C content was 68.3 mol%, which falls within the range reported for myxobacteria (Shimkets et al., 2006) .
Strain B00001
T displays several unique characteristics compared with typical myxobacteria, particularly the lack of growth on commonly used culture media for myxobacteria, the non-swarming phenotype and the lack of fruiting body-like aggregate formation (Table 1) . However, as only a few media were evaluated in the present study, strain B00001
T may form colonies with morphology characteristic of myxobacteria under more suitable conditions. In addition, based on phylogenetic analysis of its 16S rRNA gene sequence and its genomic DNA G+C content, strain B00001
T represents a novel strain within the order Myxococcales. As this strain showed only 90.4 and 90.2 % 16S rRNA gene sequence similarity, respectively, to its closest relatives, C. armeniaca DSM 14710 T and A. dehalogenans 2CP-1 T , strain B00001
T should be assigned to a novel genus and species within Myxococcales, for which the name Vulgatibacter incomptus gen. nov., sp. nov. is proposed.
Currently, A. dehalogenans is classified in the family Cystobacteraceae. However, because A. dehalogenans exhibits distinct features, including the requirement for oxygen, and forms a clearly separated branch of the phylogenetic tree from other genera in the family Cystobacteraceae, the genus Anaeromyxobacter should be classified within a different family. Strain B00001
T also forms a cluster that is separated clearly from the family Cystobacteraceae, but also from the genus Anaeromyxobacter (Fig. 1) , and shows relatively low 16S rRNA gene sequence similarity (,90.4 %) to the type strains of both A. dehalogenans and C. armeniaca. Based on the high degree of 16S rRNA gene sequence divergence from other known members of the suborder Cystobacterineae, as well as the observed differences in physiological characteristics, including growth on media for myxobacteria, swarming motility and fruiting body formation, strain B00001 T should be classified within a new family, for which the name Vulgatibacteraceae fam. nov. is proposed. In addition, we also propose that the genus Anaeromyxobacter belongs not to the family Cystobacteraceae but to a new family, Anaeromyxobacteraceae fam. nov.
Strain B00002
T was also isolated during the screening of soil samples for myxobacteria as a colony with a periphery with a fungal mycelium-like morphology. The NJ phylogenetic tree reconstructed on the basis of 16S rRNA gene sequence data showed that strain B00002
T formed a separate branch within the suborder Sorangiineae of the order Myxococcales with high (99 %) bootstrap support (Fig. 1) . The 16S rRNA gene sequence of strain B00002 T was most closely related to those of Byssovorax cruenta DSM 14553 T (91.3 % similarity) , Chondromyces robustus Cm a13 T (91.1 %) (Reichenbach, 2005) and Phaselicystis flava SBKo001 T (91.0 %) (Garcia et al., 2009b) (Table S4 ). Phylogenetic trees reconstructed using the ML (Fig. S1 ) and MP (not shown) algorithms showed essentially the same topology. The phylogenetic data suggested that strain B00002
T should be classified within a novel genus and species in the suborder Sorangiineae, rather than a novel species of one of the genera Byssovorax, Chondromyces or Phaselicystis.
The phenotypic characteristics of strain B00002
T are summarized in Table S2 . Vegetative cells of strain B00002 T were Gram-negative, motile, obligately aerobic rods, 0.8-1.0 mm wide and 3.5-5.5 mm long (Fig. S3a) . These characteristics were similar to those of B. cruenta. Tests for oxidase and catalase activities were positive. Strain B00002 T formed circular, rough, light-yellow colonies on BPA-3 (Fig. S3b, c) . Congo red staining on R2A agar was negative. The temperature range for growth was 15-30 u C, with an optimum at 20-30 u C. No growth occurred above 37 u C or below 10 u C. The strain grew at pH 5-9, with an optimum at pH 6-8. Growth on BPA-3 and R2A agar was good, but strain B00002 T showed weak growth on VY/2, CY and PM agar. Lytic activity against live cells of E. coli and M. luteus and autoclaved yeast cells was not detected, similar to the result observed for strain B00001 T .
Strain B00002
T formed non-pigmented, swarming colonies on BPA-3 (Fig. S3c) . By visual observation, the colony periphery resembled fungal mycelium or the cilia of a paramecium. Fruiting body-like cell aggregates were not observed on any of the agar media tested. Notably, when cultured on filter paper on BPA-3, strain B00002
T formed elevated, light-yellow colonies that were similar in morphology to colonies formed by A. dehalogenans, and cellulose decomposition was not observed (Fig. S3d) . A. dehalogenans did not produce typical fruiting bodies, although the colonies appeared to contain cell aggregates in the first stage of fruiting body development (Sanford et al., 2002) . The presence of cell aggregates has also been reported in B. cruenta; however, these aggregates contract into knob-or cup-shaped structures and do not develop into true fruiting bodies .
In the API 20NE assay, strain B00002
T exhibited the same profile as strain B00001
T . Strain B00002 T was also susceptible to all antibiotics tested and could not utilize any of the tested carbon sources for growth. Positive API ZYM test results were obtained for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and bgalactosidase.
The cellular fatty acids of strain B00002
T were made up of almost equal amounts of straight-chain and branchedchain fatty acids (49.9 and 46.2 %, respectively) (Table S3) . Although similar profiles have been reported from myxobacteria, including Myxococcus fulvus, Chondromyces lanuginosus and Haliangium ochraceum, the fatty acid profile of strain B00002
T was most similar to that of Nannocystis pusilla (51.4 and 46.1 % straight-chain and branched-chain fatty acids, respectively; Garcia et al., 2011).The major cellular fatty acids of strain B00002
T were C 16 : 1 v5c (22.1 %), iso-C 17 : 0 (20.8 %), C 16 : 0 (14.5 %), iso-C 16 : 0 (12.7 %) and iso-C 15 : 0 (6.38 %). The amounts of C 16 : 1 v5c and iso-C 17 : 0 were also similar to those found in N. pusilla (27.3 and 24.9 %, respectively; Garcia et al., 2011) . The predominant quinone found in strain B00002
T was MK-8. The DNA G+C content was 66.3 mol%, which is within the range reported for myxobacteria (Shimkets et al., 2006) .
The results of the 16S rRNA gene sequence similarity analysis indicate that strain B00002 T belongs to the order Myxococcales. This classification was also supported by the formation of raised, swarming colonies, which may be related to fruiting-body formation, and the high DNA G+C content. Although the fatty acid profile of strain B00002
T was similar to that of N. pusilla, the phylogenetic analyses suggested that B00002
T represents a novel taxon that is positioned in the suborder Sorangiineae within the clade containing the genera Byssovorax, Phaselicystis, Chondromyces and Sandaracinus (Mohr et al., 2012) . Strain B00002
T is most closely related to B. cruenta DSM 14553 T (91.3 % 16S rRNA gene sequence similarity), though they share only two obvious characteristics: the shape of their vegetative cells and the lack of formation of true fruiting bodies. These two strains are clearly differentiated by the characteristic blood-red cell masses formed by B. cruenta DSM 14553 T and the light to bright yellow colonies formed by strain B00002
T . In addition, in contrast to members of the genus Byssovorax, strain B00002
T does not possess either cellulolytic or bacteriolytic activity (Table 1) .
Based on the above phylogenetic and morphological data, strain B00002
T should be assigned to a novel genus and species of the myxobacteria. In the phylogenetic tree, strain B00002
T is located between Phaselicystis flava SBKo001 T (family Phaselicystidaceae) and Sandaracinus amylolyticus NOSO4 T (family Sandaracinaceae), but shares only 91.0 and 87.0 % 16S rRNA gene sequence similarity, respectively, with these strains. The highest 16S rRNA gene sequence similarity (91.3 %) was observed with B. cruenta DSM 14553 T (family Polyangiaceae), though even this value was significantly low. Furthermore, the two strains differed greatly in their morphological features and physiological characteristics. Thus, we propose that strain B00002
T represents not only a novel genus and species, Labilithrix luteola gen. nov., sp. nov., but also a new family, Labilitrichaceae fam. nov.
Several novel myxobacterial species have been discovered in recent years using the direct isolation method, which uses fruiting-body formation as an indicator (Garcia et al., 2009b; Mohr et al., 2012; Iizuka et al., 2013) . However, in the present study, we used a modified version of Karwowski's plate dilution method for the isolation of myxobacteria from soil. Using this approach, we successfully isolated two strains that belonged to novel taxa. Notably, these strains had poor or no growth on the general nutrient media typically used for most known myxobacteria, and did not develop fruiting bodies. These findings may therefore suggest that many myxobacteria are undetectable by the widely used direct isolation method. This speculation is supported by the relatively high 16S rRNA gene sequence similarity of strain B00001
T to several uncultured bacterial clones that have been detected recently in compost and soil, including uncultured bacterium clone TE-3-A2 (GenBank accession no. JQ337389; 95.2 % similarity) (Tian et al., 2013) and bacterial enrichment culture clone heteroC6_4w (GU731301; 96.5 %) (Sultana et al., 2012) (Fig. S4 and Table S5 ). A number of clones having more than 96 % 16S rRNA gene sequence similarity to strain B00002 T were also identified. Most of the clones were detected in soil ( Fig. S5 and Table S6 ), although clones obtained from the Gobi desert of China (GenBank accession no. AB696158) and aquatic moss in the Antarctic (AB630491) (Nakai et al., 2012) also shared relatively high 16S rRNA gene sequence similarity with strain B00002
T . Together, these findings suggest that myxobacteria related to strains B00001 T and B00002 T are capable of inhabiting a wide range of natural environments. We anticipate that the development of new isolation methods, such as that used in the present study, will lead to the discovery of novel myxobacterial species, including non-fruiting species, and reveal that the order Myxococcales comprises diverse species and genera.
Description of Vulgatibacter gen. nov.
Vulgatibacter (Vul.ga.ti.bac9ter. L. adj. vulgatus popular; N.L. masc. n. bacter a rod; N.L. masc. n. Vulgatibacter a popular rod-shaped bacterium).
Vegetative cells are Gram-negative staining, motile, slender rods. Swarming motility and formation of fruiting bodylike aggregates are not observed on BPA-3 or B1N agar. Non-bacteriolytic and non-cellulolytic type of nutrition. Obligately aerobic organotrophs. The fatty acid profile is characterized by major amounts of branched-chain fatty acids and minor amounts of straight-chain fatty acids. The major cellular quinone is MK-7. As shown by 16S rRNA gene sequence analysis, the genus belongs to the suborder Cystobacterineae, order Myxococcales and class Deltaproteobacteria. The type and only known species is Vulgatibacter incomptus.
Description of Vulgatibacter incomptus sp. nov.
Vulgatibacter incomptus (in.comp9tus. L. masc. adj. incomptus unadorned).
The species exhibits all the characteristics of the genus, in addition to the following. Vegetative cells are 0.7-0.8 mm wide and 4.0-6.0 mm long. Colonies are circular, smooth and cream-coloured on BPA-3. Colonies are Congo-rednegative. The pH and temperature ranges for growth are pH 6-9 (optimum at pH 6-8) and 20-37 u C. Oxidasepositive and catalase-negative. Growth is relatively poor on BPA-3 and B1N agar. No growth is observed on VY/2, CY or PM agar, or on filter paper on BPA-3. Esterase lipase (C8), leucine arylamidase, naphthol-AS-BI-phosphohydrolase and b-galactosidase activities are detectable using the API 20NE and API ZYM systems. D-Glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-D-glucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetate are not utilized as carbon sources. Major cellular fatty acid components are iso-C 15 : 0 , iso-C 17 : 1 and/or anteiso-C 17 : 1 and iso-C 17 : 0 . Small amounts of the hydroxy fatty acids C 10 : 0 3-OH, C 11 : 0 3-OH, C 12 : 0 3-OH and iso-C 11 : 0 3-OH are also detected. Susceptible to chloramphenicol, kanamycin sulfate, rifampicin and streptomycin sulfate. Vulgatibacteraceae (Vul.ga.ti.bac.te.ra.ce9ae. N.L. masc. n. Vulgatibacter type genus of the family; -aceae ending to denote a family; N.L. fem. pl. n. Vulgatibacteraceae the family of the genus Vulgatibacter).
The delineation of the family is determined primarily from the phylogenetic position based on the 16S rRNA gene sequence. The family is a member of the order Myxococcales. The type and only known genus of the family is Vulgatibacter.
Description of Labilithrix gen. nov.
Labilithrix (La.bi9li.thrix. L. adj. labilis slippery, gliding; Gr. fem. n. thrix hair; N.L. fem. n. Labilithrix gliding bacterium that forms swarming colonies with a periphery that resembles hair).
Vegetative cells are Gram-negative staining, motile rods that form swarming colonies on BPA-3. The colony periphery resembles fungal mycelium or the cilia of a paramecium. Forms raised colonies on filter paper on BPA-3, but typical fruiting body-like aggregates do not develop. Non-bacteriolytic and non-cellulolytic type of nutrition. Obligately aerobic organotrophs. The fatty acid profile comprises straight-and branched-chain fatty acids in approximately equal proportions. MK-8 is the predominant quinone. The phylogenetic position is in the suborder Sorangiineae, order Myxococcales and class Deltaproteobacteria. The type and only known species is Labilithrix luteola.
Description of Labilithrix luteola sp. nov.
Labilithrix luteola (lu.te.o9la. L. fem. adj. luteola light yellow).
Displays the following properties in addition to those described for the genus. Vegetative cells are 0.8-1.0 mm wide and 3.5-5.5 mm long. Colonies are circular, smooth and light yellow on BPA-3. Colonies are Congo-red-negative. The pH and temperature ranges for growth are pH 5-9 (optimum at pH 6-8) and 15-30 u C (optimum at 20-30 u C). Oxidase-and catalase-positive. Growth is relatively slow on BPA-3 and R2A agar. Shows weak growth on VY/2, CY and PM agar, and forms raised, light-yellow colonies on filter paper on BPA-3 without cellulose decomposition. Alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BIphosphohydrolase and b-galactosidase are detectable using the API 20NE and API ZYM systems. D-Glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-D-glucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetate are not utilized as carbon sources. The major cellular fatty acids are C 16 : 0 , C 16 : 1 v5c, iso-C 15 : 0 , iso-C 16 : 0 and iso-C 17 : 0 . Susceptible to chloramphenicol, kanamycin sulfate, rifampicin and streptomycin sulfate.
The type strain, B00002
T (5NBRC 109946 T 5DSM 27648 T ), was isolated from a forest soil sample collected from Yakushima Island, Kagoshima Prefecture, Japan, in May 2012. The DNA G+C content of the type strain is 66.3 mol%.
Description of Labilitrichaceae fam. nov.
Labilitrichaceae (La.bi.li.tri.cha.ce9ae. N.L. fem. n. Labilithrix type genus of the family; -aceae ending to denote a family; N.L. fem. pl. n. Labilitrichaceae the family of the genus Labilithrix).
The delineation of the family is determined primarily from the phylogenetic position based on 16S rRNA gene sequence analysis. The family is a member of the order Myxococcales. The type and only known genus of the family is Labilithrix.
Description of Anaeromyxobacteraceae fam. nov.
Anaeromyxobacteraceae (An.ae.ro.my.xo.bac.te.ra.ce9ae. N.L. masc. n. Anaeromyxobacter the type genus of the family; -aceae ending to denote a family; N.L. fem. pl. n. Anaeromyxobacteraceae the family of the genus Anaeromyxobacter).
Cells are Gram-negative-staining rods and can grow under anaerobic conditions. The delineation of the family is determined primarily from the phylogenetic position based on 16S rRNA gene sequence analysis. The family is a member of the order Myxococcales. The type and only known genus of the family is Anaeromyxobacter.
